The electronic structure and magnetic properties of La1−xCexPb3 and La1−xPrxPb3 are studied using the spin--polarized relativistic KorringaKohnRostoker coherent potential approximation method within the local spin density approximation. The calculated density of states at the Fermi level increases with the increase of the concentration. The dependence of spin and orbital magnetic moments of La1−xCexPb3 and La1−xPrxPb3 (0 < x < 1) on the concentration is also reported. The densities of states at the Fermi energy are dominated by Ce(Pr) 4f 5/2 and 4f 7/2 states.
Introduction
CePb 3 and PrPb 3 compounds have shown various interesting physical properties and they belong to the group of strongly correlated electron systems or heavy fermion systems. The electronic and magnetic properties of REPb 3 (RE = La, Ce, Pr) compounds were studied experimentally and theoretically in the last years [117] . These systems crystallize into Cu 3 Au cubic type structure (space group No. 221). Welsh et al. [1] reported the results of nuclear magnetic resonance of the inuence of Ce and Gd impurities on the properties of LaT 3 (T = In, Sn, Pb). The suppression of the superconducting transition temperature by impurities was observed. From the temperature dependence of resistivity for LaPb 3 Kletowski et al. [5] estimated the Debye temperature θ as 125 K. Ebihara et al. [7] have found the phase diagrams of CePb 3 and they observed three phases: antiferromagnetic, spin op, and paramagnetic. The phase diagram and de Haasvan Alphen (dHvA) eect of PrPb 3 under pressure was also studied by Endo et al. [9] . CePb 3 is a heavy fermion compound with an antiferromagnetic transition at 1.1 K.
The dHvA measurements [6] have shown that the topological features of the Fermi surfaces of CePb 3 were similar to LaPb 3 and PrPb 3 compounds. The Fermi surfaces of LaPb 3 and PrPb 3 are almost spherical. Aoki et al. [6] have measured the specic heat in the temperature range of 0.2 to 70 K. The similar results were reported by Morie et al. [12] , but they had measured the temperature dependence of the specic heat of PrPb 3 below 300 mK. They estimated the value of the electronic part of the γ coecient as 1.5 J/(mol K 2 ). The magnetic eld dependence * corresponding author; e-mail: jeziersk@ifmpan.poznan.pl of the specic heat in PrPb 3 up to H = 8 T were measured by Sato et al. [16] . Magnetism and superconductivity of the heavy fermion CePb 3 were studied theoretically by Strange and Gyory [2] . The electronic density of states and the Fermi surfaces was calculated by using linear mun-tin orbital (LMTO) method. The theoretical value of γ coecient was estimated as 16.7 mJ/(mol K 2 ). Muon Knight shift measurements [13] suggested a strong hybridization between 4f electrons of Pr with conduction electrons. Han et al. [4] calculated the band f hybridizations for La 1−x Ce x T 3 (T = Pb, In, Sn, Pd) using LMTOASA method. Recently Swetarekha Ram et al. [17] studied the electronic structure, the Fermi surfaces and the elastic properties of LaPb 3 by FP-LAPW method. The interesting physical properties of LaPb 3 , CePb 3 and PrPb 3 compounds motivated us for study of the electronic and magnetic properties of the disordered La 1−x Pr x Pb 3 and La 1−x Ce x Pb 3 systems by using the spin-polarized relativistic KorringaKohnRostoker coherent potential approximation method (SPRKKR CPA) [18, 19] .
Method of calculations
The electronic and magnetic properties of La 1−x Ce x Pb 3 and La 1−x Pr x Pb 3 (0 < x < 1) alloys were calculated by SPRKKRCPA [18, 19] . The exchange-correlation potential was assumed in the form proposed by Perdew and Wang [20] . We assumed the linear dependence of lattice parameters on the concentration (Fig. 1) . For LaPb 3 , PrPb 3 , CePb 3 we get: a = 4.904 Å, 4.863 Å, and 4.873 Å, respectively. The self-consistent calculations were performed for 936 k-points in the irreducible part of the Brillouin zone. The total energy was converged to 10 −5 Ry. The magnetic moments were calculated in full relativistic mode.
(111) Fig. 1 . The dependence of the lattice parameter on concentration x for La1−xRExPb3, RE = Pr (circle) and RE = Ce (square).
Results

Electronic densities of states of La
The calculations were performed for the spin-polarized systems for the whole range of the concentration (0 < x < 1.0). In Fig. 2ae and Fig. 3ae we present the total electronic densities of states (DOS) for spin down (upper part) and spin up (lower part) for x = 0.1, 0.3, 0.5, 0.7, and 0.9. The Fermi level is located at E = 0 eV. In the both cases the contribution from majority spins (up) increases with the increase of the concentration. The shape of DOS near the Fermi level for minority spins (down) does not change signicantly. The total density of states consists of contributions from La, (Ce,Pr) and Pb. We have also plotted the local contribution to the total DOS for La 0.5 Pr 0.5 Pb 3 (Fig. 4) and La 0.5 Ce 0.5 Pb 3 (Fig. 5) . In Fig. 4a and Fig. 5a the contributions from La (Pr/Ce) and Pb are visualized. Figure 4be gives the contributions to DOS of La 0.5 Pr 0.5 (Fig. 4b) , Pr(f 5/2 , f 7/2 ) (Fig. 4c) and Pb(s, p 1/2 , p 3/2 , d 3/2 ) (Fig. 4d) . Similar results are presented for La 0.5 Ce 0.5 Pb 3 in Fig. 5 . Figure 5a gives the total contribution from La, Ce and Pb atoms, however Fig. 5b and 5c have shown the part of the densities of states from La (d, f ) and Ce (d, f ) states, respectively. The contributions from lead are the similar as presented in Fig. 4d .
The dominated part to the DOS at the Fermi energy comes from Ce(Pr) f 5/2 states. The contribution from Ce(Pr) f 7/2 is about twice lower. The densities of states at the Fermi energy from d states of La and Ce(Pr) are also small. The peak from La atom is located near 2 eV above the Fermi level and we observed a small hybridization of La f states and Ce(Pr) f states around E F . In the total density of states of REPb 3 the lower peak between −12 < E < −6 eV presents the Pb s states and peaks between −5 < E < 0 eV give the contribution from Pb p states.
The dependence of density of states at the Fermi level N (E F ) on the concentration for magnetic La 1−x Ce x Pb 3 Fig. 6 . The dependence of the density of states at the Fermi level N (EF) on the concentration x for La1−xCexPb3 (circle) and La1−xPrxPb3 (triangle) compounds.
(squares) and La 1−x Pr x Pb 3 (triangles down) is presented in Fig. 6 . For La 1−x Pr x Pb 3 the dependence of N (E F ) up to x = 0.3 is almost constant and then increases. For La 1−x Ce x Pb 3 we observe the increase of N (E F ) for x > 0.1.
The magnetic properties
The change of the spin and orbital magnetic moments is plotted in Fig. 7 for La 1−x Ce x Pb 3 and La 1−x Pr x Pb 3 alloys, respectively. The spin magnetic moment of La 1−x Ce x Pb 3 (circles) increases with increase of concen- Fig. 7 . The dependence of the spin and orbital magnetic moment on the concentration x for La1−xCexPb3 and La1−xPrxPb3 compounds. Fig. 8 . The dependence of the total magnetic moment on the concentration x for La1−xCexPb3 and La1−xPrxPb3 compounds. tration x, however the orbital contribution decreases and the total magnetic moment (spin plus orbital) (triangles) in Fig. 8 is almost constant. In the case of La 1−x Pr x Pb 3 the spin magnetic moment (triangles up) (Fig. 7) increases linearly but the orbital contribution decreases (diamonds). The total magnetic moment (circles) decreases with increase of concentration in Fig. 8 .
Conclusions
The ab initio band calculations using SPRKKRCPA [18, 19] indicate that the substitution of La atom by Ce or Pr changes the band structure near the Fermi level. We observe a small hybridization between 4f states of Ce(Pr) and Pb d states. The values of the N (E F ) for the ordered LaPb 3 , CePb 3 and PrPb 3 are similar to those obtained by other ab initio methods [2, 17] and they give the smaller value of γ coecient than observed in the experiments. The calculations were performed for magnetic La 1−x Ce x Pb 3 and La 1−x Pr x Pb 3 alloys for the whole range of concentration. The dominated contributions to the density of states at the Fermi level give 4f 5/2 states of Ce or Pr. The spin magnetic moment increases with the increase of the concentration of Ce or Pr, but the total magnetic moment in the case of La 1−x Pr x Pb 3 decreases when x increases (Fig. 8) .
